Background: Sepsis will induce stroke, new-onset atrial fibrillation (AF) increase ischemic stroke (IS) in in-hospitalization and long-term period after sepsis. Physicians must alert this condition and given suitable treatment. Aim: The associated of IS and new-onset AF in septicemia survivors after discharge have to be evaluated. Design: The inpatient data was used of the Taiwan National Health Insurance Database (NHIRD) in 2010. We identified patients suffered their first occurrence of septicemia (International Classification of Disease, Ninth Revision, Clinical Modification [ICD-9-CM] is 038, 003.1, 036.1) and excluded less than 18 years old. Patients had AF (ICD-9-CM to 427.3Â) during the same admission or after septicemia hospitalization discharged were defined as new-onset AF. The outcome was IS happened after septicemia discharge (ICD-9-CM as 433-437). Methods: The factors related to IS after septicemia survival were established using multivariate logistic regression with forward stepwise selection. Results: There were 1286 new-onset AF and 1026 IS happened after septicemia discharge. The crude odds ratio (OR) were 3.88 (95% confidence interval [C.I.]: 1.69-8.89) and 1.62 (95% C.I.: 1.14-2.3) in middle-aged and elderly septicemia survivors with newonset AF induced IS. The risk of IS after septicemia survivors was noticed adjusted OR 1.74 (95% C.I.: 1.26-2.41) for new-onset AF. Conclusion: The middle-aged and elderly septicemia survivors suffered from new-onset AF had increased incidence of IS within three months. New-onset AF was a mediator factor of IS in septicemia survivors of Asian population.
Introduction
Stroke can induce disability and cause death throughout the world and Taiwan. Most ischemic stroke (IS) patients had traditional atherosclerosis risk factors, 1 but some patients do not find these factors for IS. Therefore, it is necessary to seek additional adjustable risk factors to prevent stroke. The mortality rate of sepsis is decreased by followed the sepsis treatment strategic guideline, 2 thus increasing survival rate. Generally, survivors of sepsis tend to be younger and it provides an opportunity to study whether there is a relationship between IS occurrence in septicemia survivors with new-onset AF in all age adults. Sepsis-induced hypotension and following AF development would be more likely to cause IS that compared with myocardial infarction. 3 . New-onset AF of severe sepsis during hospitalization has been evaluated and showed a 1.51-fold risk of IS re-hospitalization within 6 months, but it was statistical insignificance. 4 . Physicians must carefully monitor for AF and vascular complications after sepsis. A recent Medicare study has found older sepsis survivors with AF tend to suffer from increased long-term IS, congestive heart failure and death following a five-year period. 5 It is becoming an aging society in Taiwan, and the elderly with immunity impairment are prone to infection and have chance to evolve sepsis. A septicemia study using the Taiwan NHIRD found septicemia increased the risk of cerebral haemorrhage and IS within the first 6 months. 6 A recent long-term outcome study of NHIRD study in Taiwan found that sepsis survivors will increase long-term mortality and major adverse cardiovascular events (MACE). 7 Because NHIRD dataset only recorded the diagnostic codes of hospital discharge, it could not determine the order of sepsis and IS. Therefore, we retrieved septicaemia survivors, then tracked new-onset AF and IS within a year. This study was performed in order to understand the relationship between new-onset AF and IS and realize the other relative factors for the occurrence of IS in septicaemia survivors of an Asian population.
Materials and methods
National Health Insurance (NHI) is a single payment insurance system, covering 99% of residents in Taiwan. NHIRD contains the healthcare information of Taiwan. All medical facilities must submit computerized claims data for medical payment. The data contain patients' age, gender, comorbidity, ischemic stroke codes and event time. 8 We used an inpatient dataset from 1 January 2010 to 31 December 2010. The data contained up to five diagnostic codes and five operation codes. The first occurrence of septicaemia patients is defined by ICD-9-CM of 038, 003.1, 036.1, and sepsis diagnosis of NHIRD was used for verification. [7] [8] [9] . Patients aged less than 18 years old, prior stroke or stroke during first septicaemia hospitalization (ICD-9-CM of 430-437), and deaths during the first septicaemia admission were excluded. The diagnostic codes of comorbidity were based on a previous study by Walkey. 4 AF was defined as ICD-9-CM of 427.3Â, cases before hospitalization of septicaemia were designated as pre-existing AF; AF during or after septicaemia was defined as new-onset AF. The outcome was determined by tracking IS re-hospitalization (ICD-9-CM of 433-437) after septicaemia discharge, but excluded cerebral haemorrhage patients (ICD-9-CM of 430-432). The study was approved by the Ethics Institutional Review Board of the Tri-Service General Hospital. Continuous variables were evaluated using Student's t-test; categorical variables using the Chi-square test, statistical significance was designated as P < 0.05. The factors for new-onset AF and IS after septicaemia survival were identified using multivariate logistic regression with forward stepwise selection. The statistical analysis was performed using Statistical Package for Social Sciences software version 18.
Results
There were 68 324 septicaemia survivors, 65 992 without AF, 1046 with pre-existing AF and 1286 (1.9%) new-onset AF ( Figure 1 ). Septicaemia survivors with new-onset AF were of older age (a mean age of 78.74 6 10.58 years old) compared with non-AF (a mean age of 67.33 6 17.43 years old), and involved more cases of congestive heart failure, coronary heart disease, hypertension, chronic obstruction lung disease and respiratory failure, but fewer cases of diabetes mellitus and chronic kidney disease and Charlson Comorbidity Index (CCI) ( Table 1) . A total of 0.8% of septicaemia survivors between 45 and 65 years old suffered from new-onset AF; 2.7% of septicaemia survivors older than 65 years old had new-onset AF.
Multivariate binary logistic regression showed that the occurrence of new-onset AF in septicaemia survivors was positive correlated with advance age, medical centre admission, congestive heart failure and respiratory failure, and negative correlated to diabetes mellitus, hypertension, organ failure and CCI (Table 2) .
A total of 1026 septicaemia survivors suffered from IS, with 40 (3.1%) cases of IS occurring in septicaemia survivors with new-onset AF and 967 (1.5%) IS was found in septicaemia survivors without AF. IS patients were of advance age (mean 74.21 6 12.47 years old compared with 67.62 6 17.42 years old of non-IS) and had more comorbidities, more local hospital admissions, and fewer metastatic tumours, regardless of the type of infection ( Table 3) .
The proportion of IS caused by middle-aged septicaemia survivors with new-onset AF was 4.1%, patients without new-onset AF caused IS stood at 1.1% and the crude OR of new-onset AF was 3.88 (95% C.I.:1.69-8.89) of middle-aged. IS caused by older septicaemia survivors with new-onset AF was 3%, IS caused by septicaemia survivors without new-onset AF was 1.9% and the crude OR of IS by new-onset AF was 1.62 (95% C.I.:1.14-2.3) in the elderly (Table 4) . Middle-aged septicaemia survivors were more likely to suffer from IS than older survivors with newonset AF.
Forty-six percent of septicaemia survivors combined organ failure, and 52.7% of septicaemia survivors with new-onset AF experienced organ failure. The mean occurrence time of IS in septicaemia survivors with pre-existing AF was 62.9 6 39.9 days, the mean occurrence time of IS in septicaemia survivors with new-onset AF was 83.1 6 77.9 days and the mean occurrence time of IS in septicaemia survivors without new-onset AF was 92.6 6 81.1 days. Survival septicaemia patients with pre-existing AF or new-onset AF would more early lead to IS. Multivariable logistic regression with forward stepwise selection found (Table 5 ).
Discussion
The IS occurrences are associated with hypertension, diabetes mellitus, diet risk score, current smoking status, alcohol intake, psychosocial stress, depression, cardiac causes in the INTERSTROKE study of multiple countries and AF, which is the most common cardiac source of thromboembolism IS in previous stroke. 1 . Our study focused on the relative factors of IS occurrence in septicaemia survivors, and we found that newonset AF and other traditional IS risk factors are similar to previous studies. One meta-analysis found a higher risk of AF for cardioembolic stroke in Chinese populations compared with Caucasians 9 ; this may also increase IS risk following new-onset AF in septicaemia survivors in this study. Sepsis is a complex interaction process of infection, system response and organ damage. Inflammation causes hypoxia, coagulation disease and neuroendocrine change. The timing of antibiotics use and early hemodynamic resuscitation affects mortality rate. [10] [11] [12] [13] [14] Acute infection increases plasma fibroblasts and C-reaction protein that may increase the risk of stroke. 15 Previous studies have found that viral upper respiratory tract infection and pneumonia increased platelet activity related to thrombosis formation. 16, 17 Previous research found about 5.8% sepsis with AF and 7% in older sepsis, and it happened more frequently in surgical patients compared with internal medicine patients. 5, 14 AF that followed sepsis was related to vasopressors use, endotoxin inducing sympathetic and vagal imbalance with heart rate variability decrease, sympathetic stimulation causing the calcium channel to open continuously and inflammation. 18, 19 AF is associated the prognosis, one infection outcome prediction study in the emergent department found that infection caused MACE related to cardiovascular risk factors, AF and organ failure with acceptable performance of 71.4%. 20 The severity of inflammation seems to be related with AF. The mechanisms of IS after survival sepsis with new-onset AF were hemodynamic dysfunction causing cerebral hypoperfusion, systemic inflammation and coagulopathy-induced embolism. 20 Stress emotion and infection can increase dopamine caused by AF, small vessel infarction, endothelial disability, cerebrovascular autoregulation dysfunction and decreased intracranial pressure causing cerebral hypoperfusion. Cytokine and increased sympathetic tone can also cause hypercoagulopathy. 21 Previous studies found respiratory infection caused stroke and myocardial infarction, with influence from 3 days to 3 months, the stroke rate was 1.33%, and the stroke rate caused by urinary tract infections was 1.22%. 10 Regardless of whether or not there was AF, survival septicaemia caused IS occurrence around 90 days and more pneumonia in septicaemia survivors with new-onset AF in this study. The risk of infection induced acute IS in 3 months, the hazard ratio was 2.4. 12 The community-based studies on bacteraemia found that myocardial infarction and IS will occur from 1 to 6 months with an adjusted hazard ratio of 1.64 (95% CI: 1.18-2.27), it did not increase risk significantly at more than 6 months. 13 The new-onset AF of severe sepsis during hospitalization will induced in-hospital IS with adjusted OR 6.82, but it was not significant statistically for IS readmission trend within 6 months. 4 Our study investigated risk of IS occurrence with adjusted OR 1.74 (95% CI: 1.26-2.41) in septicaemia survivors with new-onset AF. The sepsis survivors in the Medicare data from the United State found higher major cardiovascular events in the 5-year follow up, because older patients and social insurance payer population with lower socio-economic status would more easily lead to AF and cause events. 5 Previous studies have found that older patients have a 3-fold higher risk of cardiovascular disease after pneumonia, compared with subjects without pneumonia; middle-aged patients are prone to cardiovascular disease after pneumonia with a 2-fold risk increase. 11 Controlling the risk factors of stroke could prevent stroke occurrence. The NHIRD is a population-based dataset that includes patients of all ages. In recent years, there has been an increasing trend of stroke occurrence at a younger age. We found that not only elderly but also middle-aged septicaemia survivors would suffer from IS associated with new-onset AF. New-onset AF was a risk factor for IS in septicaemia survivors aged 45 years or older and an increase in age of each year carried an increased risk of 2%. One recent study found that aspirin can reduce pneumonia induced mortality in elderly communities pneumonia caused mortality within 30 days, myocardial infarction and IS during hospitalization. 22 . For preventative IS treatment in AF patients, because clinicians fear the risk of bleeding from system anticoagulant, they tend to use more antiplatelet. According to the Taiwan Stroke Register Study, anticoagulant prescription rate for AF patients to prevent IS was lower than 30%. 23 New oral anticoagulants (NOAC) can prevent IS with potential benefit when used in high-risk patients with AF and lower risk of cerebral haemorrhage, it led to NOAC prescription rate increasing. 24 The use of anticoagulant to prevent IS in septicaemia survivors with new-onset AF needs further investigation. Prevention is better than cure, previous studies using the anti-platelet agents, 25 beta-blocker 26 and statin 27 may prevent IS caused by sepsis. Preventive treatment for AF include early control of sepsis-induced factors such as electrolyte imbalance, incorrect catheter position, myocardial ischaemia, excessive volume and using anti-arrhythmic agents to reduce excess adrenaline. Although no study has demonstrated the use of anticoagulants in sepsis with AF to prevent IS, the best strategy for high-risk AF to prevent IS is to administer an anticoagulant. This study found that patients older than 45 years old were more likely have new-onset AF after septicaemia survival, and then suffer from IS after discharge in a short-term period. The IS occurrence time in septicaemia survivors with pre-existing AF was earlier than patients with new-onset AF or non-AF patients. Finding the risk factors and giving appropriate treatment can improve disease prevention. Controlled and rapid haemodynamic stability can reduce the chance of AF occurrence to achieve the prevention of IS. Anticoagulant to prevent IS in septicaemia with new-onset AF could be used in the future.
Study limitations
First, because elderly patients have a higher mortality rate for sepsis, the previous NHIRD study between 1997 and 2006 found that the mortality rate of middle-aged patients was 25% and mortality rate of the elderly was 35%. 28 The high survival rate of middle-aged sepsis patients may have caused IS more opportunities for new-onset AF in middle-aged septicaemia survivors, compared with the elderly. Second, because we exclude patients who died of sepsis during sepsis admission, and with only up to five diagnostic codes in the NHIRD dataset, it may cause underestimation of newonset AF compared with the 6-20% AF that occurred in severe sepsis in the literature, or real lower incidences in Asian population. It may include younger and less severe patients. The lower mortality rate was noted during septicaemia admission and readmission.
Third, more congestive heart failure after septicaemia survivors than previous studies was noted, due to patients with symptoms of swollen feet or shortness of breath would be diagnosed as such without confirmation of severity by echocardiography.
Fourth, because septicaemia survivors was tracked for only 1 year in this study, we could design a cohort study using longitudinal NHIRD to follow IS related septicaemia survivors with new-onset AF in long-term period. 
Conclusion
Our study expands on previous research by demonstrating that short-term re-hospitalization IS incident in septicaemia after hospital discharge within 3 months. New-onset AF of septicaemia survivors is a mediator factor of IS occurrence. Middleaged and elderly septicaemia survivors induce new-onset AF more easily than young patients, and can suffer from IS. Middle-aged septicaemia survivors were more susceptible to IS with new-onset AF than the elderly. Survival septicaemia patients complicated with new-onset AF with more comorbid conditions would lead to IS ultimately, so physicians must inform septicaemia survivor or their families of the risk and provide treatment strategies to actively reduce stroke incident. Anticoagulant therapy can be used for IS prevention in highrisk AF patients to diminish IS occurrence, it is required a prospective study to confirm such stroke prevention strategy for septicaemia survivors.
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